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Total coliforms and total coliforms resistant to streptomycin, tetracycline, or
chloramphenicol were isolated from filtered activated sludge effluents before and
after UV light irradiation. Although the UV irradiation effectively disinfected the
wastewater effluent, the percentage of the total surviving coliform population
resistant to tetracycline or chloramphenicol was significantly higher than the
percentage of the total coliform population resistant to those antibiotics before
UV irradiation. This finding was attributed to the mechanism of R-factor-
mediated resistance to tetracycline. No significant difference was noted for the
percentage of the surviving total coliform population resistant to streptomycin
before or after UV irradiation. Multiple drug resistance patterns of 300 total
coliform isolates revealed that 82% were resistant to two or more antibiotics.
Furthermore, 46% of these isolates were capable of transferring antibiotic
resistance to a sensitive strain of Escherichia coli.

In 1959, Watanabe (31) discovered that some
Escherichia coli strains could transfer antibiotic
resistance to antibiotic-sensitive strains of Shi-
gella spp. Subsequent research has demonstrat-
ed that bacteria carrying transmissible R-factors
are responsible for the spread of multiple antibi-
otic resistance among members of the Entero-
bacteriaceae (such as E. coli, Salmonella typhi,
and Shigella dysenteriae) Aeromonas and Yer-
sinia species (4), Pseudomonas aeruginosa (21),
and Vibrio cholerae (34).
Transmission of R-factors in the Enterobac-

teriaceae usually occurs by conjugation, which
involves a specialized structure called the "sex
pilus" and requires cell-to-cell contact or cell-
pilus-cell contact. The ability and the efficiency
of different bacterial strains to donate or receive
R-factors varies (8). Transmission of R-factors
by conjugation is rapid and may spread rapidly
among bacteria (31).
When bacteria which carry transmissible R-

factors (R+ bacteria) are ingested by a human
host, the R-factors may transfer into commonly
occurring bacteria of the gastrointestinal tract
(32). These organisms may subsequently trans-
fer this resistance to pathogenic organisms, re-
sulting in reduced efficacy of antimicrobial che-
motherapy in the event of an infection. In vivo
studies have shown that when individuals carry-
ing R+ bacteria are subjected to antibiotic thera-

t Present address: Defense Property Disposal Service, Bat-
tle Creek, MI 49016.

py, these organisms flourish and transfer their
resistance to other bacteria (25).
From late 1968 to early 1981, Central America

was afflicted by an R+ S. dysenteriae pandemic
(11). During the first year of the epidemic, in
Guatemala alone, 12,500 deaths were recorded.
The causative organism was spread mainly by
contaminated water and carried resistance to
streptomycin, tetracycline, chloramphenicol,
and sulfadiazine. Other outbreaks involving R+
pathogens have been reported elsewhere (1, 24).

Several researchers have pointed out that
wastewater, treated or untreated, is a primary
contributor of bacteria to the aquatic ecosystem
(12, 16, 17, 20, 27, 29). Studies have been
conducted which demonstrate that significant
numbers of multiple drug-resistant coliforms oc-
cur in rivers (17), bays (9), bathing beaches (28),
and coastal canals (13). Waters contaminated by
bacteria capable of transferring drug resistance
are of great concern since there is the potential
for transfer of antibiotic resistance to a patho-
genic species.

Available information shows that convention-
al wastewater purification methods without dis-
infection are not adequate for removal of antibi-
otic-resistant bacteria (14, 15, 29). Wastewater
disinfection is, therefore, the only means where-
by communities can limit the number of antibiot-
ic-resistant bacteria in the water environment
since it seems unlikely that antibiotic chemo-
therapy will be reduced.

Historically, chlorination has been used in the
United States for wastewater disinfection (33).
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However, chlorine residuals have been shown to
be toxic to aquatic wildlife (3). An alternative
method of disinfection is to use UV light irradia-
tion at 253.7 nm. UV disinfection does not
produce a toxic residual and is an efficient
bactericide (23). Studies have been conducted
which indicate that UV light can be used effec-
tively for disinfection of municipal secondary
wastewater effluents (18, 26). One of these stud-
ies has projected that UV disinfection of activat-
ed sludge effluents may be the most cost effec-
tive alternative to chlorination (26).

Several communities in the United States
have selected UV light for disinfection of their
effluent wastewater. Therefore, the effect of UV
light disinfection on antibiotic-resistant coli-
forms in municipal wastewater effluents should
be ascertained to determine whether the use of
this disinfection technique will significantly re-
duce the ratio of antibiotic-resistant bacteria to
antibiotic-sensitive bacteria entering receiving
waters from wastewater treatment facilities.
This study was designed to determine the effects
of UV light disinfection on antibiotic-resistant
total coliforms in municipal effluents.

MATERIALS AND METHODS

UV irradiation of filtered activated sludge effluents.
On the day of each experiment, clarified activated
sludge effluent was collected ahead of the disinfection
stage at the Fairfield Wastewater Treatment Plant
operated by the City of Fairfield, Ohio. This plant
(6,000,000 gallons per day) uses conventional activat-
ed sludge after primary clarification for treatment of
domestic wastewater.

After collection, the effluent was trucked to the U.S.
Environmental Protection Agency R. A. Taft Labora-
tory Pilot Plant, where the effluent was pumped
through a mixed media pressure filter, a Brooks Sho-
Rate roto-meter, and a UV sterilizer (Aquafine model
DP-10-2U, Burbank, Calif.). The filtration system was
used to limit the suspended solids of the secondary
effluent. This was necessary to insure the rapid filtra-
tion of up to a 500-ml sample through membrane filters
for enumeration of antibiotic-resistant total coliforms.
The Aquafine UV unit was designed to provide a

>99% bactericidal reduction across the unit at maxi-
mum rated flow. The unit used for this study had a
maximum rated flow capacity of 1.5 gallons (5.68
liters) per min (gpm) on freshwater. The UV dose at
this flow rate was 45,000 p.Ws/cm2 as determined by
the manufacturer. Since the DP-10-2U sterilizer was
designed for sterilization of freshwater, the efficiency
of the unit for disinfection of wastewaters was expect-
ed to be somewhat less. The DP-10-2U utilized a quartz
U-shaped tube of 160 ml (total volume) through which
the treated effluent flowed. Two germicidal 8-W lamps
(1.5 W total UV output at 254 nm) were positioned on
opposing sides of the U-shaped tube such that the
greatest distance the light had to travel to penetrate the
liquid traversing the tube was 2 in. A polished stainless
steel housing surrounded the U-shaped tube and lamp

assemblies to provide a reflective surface for better
utilization of the available UV light.
The dosage of UV light used in these experiments

was chosen to provide disinfection as defined by
achieving <1,000 total coliforms per 100 ml and not to
deliberately induce other changes in the bacterial
population.
Sample collection. The above system was operated

for approximately 30 min before sample collection to
assure that all liquid-carrying lines were receiving
fresh effluent and to allow sufficient warm-up time for
the UV lamps. Just before sample collection, the
sample line was opened fully and flushed for approxi-
mately 1 min. The flow rate was adjusted to compen-
sate for the resulting pressure drop. A Tygon U-
shaped tube was installed at the discharge to provide
additional residence time so that all samples were
temporally related. All samples were collected in
sterile glass reagent bottles.

Isolation and enumeration of bacteria. Samples be-
fore and after UV treatment were anlayzed for total
coliform densities by membrane filter techniques as
outlined in Microbiological Methods for Monitoring
the Environment (30). Antibiotic-resistant total coli-
forms were enumerated by use of the same techniques.
However, the m-Endo medium (Difco Laboratories)
used for these isolations contained one of the three
following selection antibiotics at 20-,xg/ml concentra-
tion: streptomycin, tetracycline, or chloramphenicol.
Fifty colonies from each selection antibiotic class
before UV treatment and fifty colonies from each
selection antibiotic class after UV treatment were
picked at random from the membrane filter plates used
for enumeration after 5 of the 12 enumeration experi-
ments. These colonies were purified by streaking them
onto eosin methylene blue agar (Difco) containing a
20-pg/ml concentration of the original selection antibi-
otic and incubated at 35°C overnight. A single, well-
isolated colony from the eosin methylene blue plate
was then inoculated to a nutrient agar (Difco) slant
which, after overnight incubation at 35°C, served as a
stock culture.
Multiple drug resistance testing. Drug resistance

patterns of the above cultures were determined by the
single disk diffusion method of Bauer et al. (2), except
that nutrient broth (Difco) served as the primary
growth medium, and incubation was at 35°C. The
following antibiotic disks were used to determine
patterns of resistance (concentrations in micrograms
per disk; all from Difco): ampicillin (10), cephalothin
(30), chloramphenicol (10), colisten (10), gentamicin
(10), kanamycin (30), streptomycin (10), and tetracy-
cline (10). Strains with intermediate resistance to an
antibiotic were classified as resistant to that antibiotic.

Transfer of drug resistance studies. Antibiotic-resis-
tant isolates before and after UV treatment were
utilized as prospective donors of resistance to a plas-
midless, completely antibiotic-sensitive strain of E.
coli, designated E. coli K-12 C600 (F- Azir) and
provided by John M. Trela, University of Cincinnati.
This recipient strain is phenotypically Lac-, yielding
clear colonies on MacConkey agar plates, and is
resistant to a 100-,ug/ml concentration of sodium azide.
Transfer procedures were carried out by mixing 0.1
and 0.2 ml of overnight broth cultures of the prospec-
tive donor and recipient, respectively, in 2 ml of sterile
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TABLE 1. Total coliforms and antibiotic-resistant coliforms from effluents before and after UV irradiation

Log1o total coliforms/100 ml
Date Before UV irradiation After UV irradiation
(1979)

NA Smr Ter Cmr NA Smr Ter Cmr

3/15 6.38 6.15 4.83 3.67 2.93 2.54 2.30 0.97
3/16 6.56 6.34 5.04 3.92 2.63 2.28 2.00 0.72
3/27 <5.60b <4.90 <3.90 <2.60 <2.30 <1.60 <1.30 <0.30
3/28 6.28 5.92 4.71 3.77 3.69 3.38 2.82 2.00
3/29 6.28 5.88 4.69 3.77 2.38 2.00 1.40 0.58
4/4 6.20 5.78 4.72 3.74 <2.30 <1.60 <1.30 <0.30
4/5 5.59 5.32 4.30 2.74 2.32 2.00 1.40 0.11
4/10 6.30 5.97 4.77 3.59 2.73 2.40 2.20 0.99
4/11 6.11 5.72 4.52 3.36 2.56 2.20 1.64 0.67
4/12 6.40 5.96 4.84 3.57 3.56 2.93 2.45 1.34
4/17 5.95 5.58 4.50 3.15 2.32 1.94 1.60 0.43
4/18 6.11 5.82 4.54 3.45 2.83 2.53 2.00 1.00

Meanb 6.20 5.86 4.68 3.52 2.80 2.42 1.98 0.88

a NA, No antibiotic; Sm, streptomycin; Te, tetracycline; Cm, chloramphenicol. All antibiotics were at 20 ,ug/
ml.

b Numbers preceded by < indicate too few colonies to provide a reliable number and therefore were not used
to calculate means.

broth and incubating at 35°C overnight. A heavy
loopful of each of these mating mixtures was smeared
onto MacConkey agar (BBL Microbiology Systems)
plates containing 100 ,ug of sodium azide per ml and 20
pLg of the selection antibiotic per ml used to isolate the
prospective donor strain. The media used were selec-
tive for antibiotic-resistant recombinants of the E. coli
K-12 strain since growth of the prospective donor was
prevented by sodium azide, and growth of the pro-
spective recipient was prevented by an antibiotic.
After incubation at 35°C for 24 h, a single, well-
isolated lactose-negative colony was placed in nutrient
broth and tested for antibiotic resistance patterns by
the above mentioned method to ascertain whether all
or part of the resistance pattern was transferred from
the donor strain to the recipient strain. Controls were
run with donor and recipient strains to assure the
validity of the transfer experiments.

RESULTS

Enumeration of antibiotic-resistant total coli-
forms. Activated sludge effluents were irradiated
at a flow rate of 1.5 gpm, which resulted in a

total coliform density below 1,000 total coli-
forms per 100 ml (Table 1) on all but two of the
samples. Similarly, two of the samples after UV
treatment resulted in too few coliforms to be
detected. The data in Table 1 also show that UV
irradiation effectively reduced the number of
antibiotic-resistant total coliforms in the activat-
ed sludge effluents.

Table 2 shows the percentage of antibiotic-
resistant coliforms before and after UV disin-
fection. Means from Table 2 show that UV
irradiation of the effluents resulted in a decrease
in the percentage of surviving total coliforms

resistant to streptomycin and an increase in the
percentage of surviving total coliforms resistant
to tetracycline or chloramphenicol.

Analysis-of-variance techniques were used to
determine the significance of the change in per-
centage of antibiotic resistance observed in the
surviving total coliform population after UV
irradiation. The data from the 2 days which

TABLE 2. Percentage of antibiotic-resistant total
coliforms from effluents before and after UV

irradiation
% antibiotic-resistant total coliforms'

Date Before UV irradiation After UV irradiation
(1979)

Sm' Ter Cmr Smr Ter Cmr

3/15 57.0 2.8 0.2 41.4 23.8 1.1
3/16 60.9 3.0 0.2 43.0 23.6 1.2
3/27 Indeterminant Indeterminant
3/28 43.1 2.7 0.3 49.9 13.5 2.0
3/29 40.2 2.6 0.3 42.4 10.4 1.6
4/4 37.0 3.3 0.3 Indeterminant
4/5 53.8 5.1 0.1 47.0 11.6 0.6
4/10 47.8 3.0 0.2 46.3 28.7 1.8
4/11 40.9 2.6 0.2 44.4 12.2 1.3
4/12 37.0 2.8 0.2 23.3 7.8 0.6
4/17 42.4 3.6 0.2 41.6 18.9 1.3
4/18 50.4 2.7 0.2 50.8 15.2 1.6

Mean 46.4 3.1 0.2 43.0 16.6 1.3
a Calculated by dividing the number of total coli-

forms resistant to a specific antibiotic by the number
of total coliforms in the same sample and multiplying
by 100. Sm, streptomycin; Te, tetracycline; Cm, chlor-
amphenicol. All antibiotics were at 20 ,ug/ml.
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TABLE 3. Analysis of variance on the percentage of antibiotic-resistant total coliforms before and after UV
irradiation

Resistance to: Source of Degrees of Sum of Mean Fvariation freedom squares square

Streptomycin Treatment 1 94.178 94.178 1.54
Error 18 1100.514 61.140
Total 19 1194.692

Tetracycline Treatment 1 908.552 908.552 38.07a
Error 18 429.61 23.867
Total 19 1338.162

Chloramphenicol Treatment 1 6.050 6.05 55.OOa
Error 18 1.978 0.11
Total 19 8.028

a Significant at the 0.01 level.

resulted in too few colonies to yield a reliable
number were deleted from the analysis. Table 3
shows the results from these tests. The percent-
ages of tetracycline-resistant and chlorampheni-
col-resistant total coliforms increased signifi-
cantly after UV irradiation, while there was no
significant difference between the percentage of
streptomycin-resistant total coliforms present in
the effluent before and after UV treatment.

Multiple antibiotic-resistant total coliforms. A
total of 300 colonies were picked at random from
the m-Endo plates containing streptomycin, tet-
racycline, or chloramphenicol. One-half of these
isolates were from effluents sampled before UV
irradiation; the rest were from effluents sampled
after UV irradiation. Equal numbers of colonies
were picked to represent each selection antibiot-
ic used. These isolates were tested for resistance
to eight different antibiotics. The most common
antibiotic resistance patterns observed for the
total coliform isolates are presented in Tables 4,
5, and 6.
Of the 300 isolates examined, 55 were resis-

tant to only one of the antibiotics tested. Of
these 55 isolates, 25 were resistant to streptomy-
cin, 27 were resistant to tetracycline, and only 3
were resistant to chloramphenicol. These data
clearly indicate that the majority of antibiotic-
resistant coliforms from these effluents were
resistant to two or more drugs. None of the
strains tested showed resistance to colisten, and
only one strain was resistant to gentamicin.
UV light treatment of the effluent appears to

have some effect on the multiple antibiotic
resistance patterns observed in total coliform
isolates. From effluents before UV treatment of
50 strains isolated on media containing strepto-
mycin, 18 exhibited resistance to three or more
antibiotics (Table 4). However, of the 50 strains
isolated in the same manner from UV-treated
effluents, 24 exhibited resistance to three or
more antibiotics. Similarly, the num;4ber of

strains exhibiting resistance to three or more
antibiotics isolated on media containing tetracy-
cline (Table 5) were 17 and 30, respectively. This
apparent selection by UV treatment for multiple
antibiotic resistance in total coliform strains was
not observed in strains isolated on media con-
taining chloramphenicol (Table 6) because most
of these isolates (89/100) exhibited resistance to
three or more antibiotics, regardless of irradia-
tion.
For certain antibiotic combinations, selection

of antibiotic-resistant total coliforms by UV
treatment is shown in Table 6 for strains isolated
on media containing chloramphenicol. Before
UV treatment, the strains exhibiting the Sm Te
Cm Am and the Sm Te Cm Km Am resistance

TABLE 4. Antibiotic resistance patterns
encountered in total coliforms isolated on media

containing streptomycin
No. of isolatesb (%) from

Resistance pattema samples
Before UV After UV
irradiation irradiation

Sm 11 (22) 14 (28)
Sm Te 16 (32) 6 (12)
Sm Km 2 (4) 1 (2)
Sm Am 3 (6) 4 (8)
Sm Cr 0 1 (2)
Sm Te Cm 0 4 (8)
Sm Te Km 1 (2) 1 (2)
Sm Te Am 8 (16) 7 (14)
Sm Cm Am 1 (2) 0
Sm Te Cm Km 2 (4) 1 (2)
Sm Te Cm Am 0 3 (6)
Sm Te Km Am 3 (6) 6 (12)
Sm Te Cm Km Am 3 (6) 2 (4)

a Sm, streptomycin; Km, kanamycin; Te, tetracy-
cline; Cm, chloramphenicol; Am, ampicillin; Cr, ceph-
alothin.

b Total of 50. None of these isolates displayed
resistance to colisten or gentamicin.
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TABLE 5. Antibiotic resistance patterns
encountered in total coliforms isolated on media

containing tetracycline
No. of isolates' (%)

from samples
Resistance patterna

Before UV After UV
irradiation irradiation

Te 17 (34) 10 (20)
Sm Te 13 (26) 8 (16)
Te Am 3 (6) 2 (4)
Sm Te Cm 0 4 (8)
Sm Te Km 1 (2) 1 (2)
Sm Te Am 9 (18) 12 (24)
Sm Te Cm Am 2 (4) 2 (4)
Sm Te Km Am 5 (10) 7 (14)
Sm Te Cr Am 0 1 (2)
Sm Te Cm Km Am 0 3 (6)

a Sm, streptomycin; Km, kanamycin; Te, tetracy-
cline; Cm, chloramphenicol; Am, ampicillin; Cr, ceph-
alothin.
bTotal of 50. None of these isolates displayed

resistance to colisten or gentamicin.

patterns made up a total of 40% of all isolates.
After UV treatment, 70% of all isolates from
media containing chloramphenicol exhibited one
or the other of these resistance patterns. These
resistance patterns were observed less frequent-
ly in strains isolated on media containing strep-
tomycin or tetracycline. However, the Sm Te
Cm Am and the Sm Te Cm Km Am resistance
patterns occurred more frequently (10 occur-
rences) in strains taken from UV-treated ef-
fluents and isolated on media containing strepto-
mycin or tetracycline (Tables 4 and 5) than in
strains taken from effluents before UV treatment
and isolated in the same manner (5 occurrences).
Transfer of antibiotic resistance. The 300

strains were tested for their ability to transfer
resistance to an antibiotic-sensitive strain of E.
coli K-12. The method used required that resist-
ance to the selection antibiotic, upon which the
donor strain was isolated, be transferred to the
recipient strain. Therefore, it is possible that
transfer of resistance to antibiotics other than
the antibiotic used for selection may have oc-
curred without being detected. All recombinant
strains were examined for multiple antibiotic
resistance patterns as described above.
The percentage of coliforms transferring

resistance to the antibiotic-sensitive strain var-
ied (Table 7). This variation was dependent upon
the selection antibiotic used and UV irradiation
treatment. Overall, 138 of the 300 isolates (46%)
transferred antibiotic resistance to the antibiot-
ic-sensitive strain. Over 86% of the recombi-
nants exhibited resistance to all of the antibiotics
to which the donor strains were resistant. This
high efficiency was probably the result of allow-

ing mixed culture growth of donor and recipient
strains to proceed for 16 h.

It is interesting to note that although there was
no significant increase observed in the percent-
age of streptomycin-resistant total coliforms sur-
viving UV irradiation, the ability of this popula-
tion to transfer antibiotic resistance increased.
This increase in ability to transfer drug resist-
ance was not observed for coliforms isolated
from media containing tetracycline or chloram-
phenicol.

Coliforms isolated on media containing chlor-
amphenicol showed somewhat less ability to
transfer resistance after UV irradiation. Howev-
er, this reduction in ability to transfer is proba-
bly not significant. Transfer of resistance to six
antibiotics was noted in two of the total coliform
strains taken from effluents before UV treatment
and isolated on media containing chlorampheni-
col.

DISCUSSION
Ampicillin, streptomycin, and tetracycline are

probably the most commonly used antibiotics in
human medicine. Therefore, it is reasonable to
assume that a higher frequency of occurrence of
bacteria resistant to these antibiotics would be
expected in wastewater effluents. It is important

TABLE 6. Antibiotic resistance patterns
encountered in total coliforms isolated on media

containing chloramphenicol
No. of isolatesb (%) from

Resistance patteMa samples
Before UV After UV
irradiation irradiation

Cm 2 (4) 1 (2)
Sm Cm 1 (2) 0
Te Cm 1 (2) 1 (2)
Cm Am 0 5 (10)
SmTe Cm 4 (8) 0
SmCm Am 3 (6) 0
Te Cm Km 0 1 (2)
Te Cm Cr 3 (6) 0
Te Cm Am 2 (4) 1 (2)
Sm Te Cm Km 5 (10) 1 (2)
Sm Te Cm Cr 1 (2) 0
Sm Te Cm Am 11 (22) 18 (36)
Sm Cm Km Am 0 1 (2)
Te Cm Km Am 1 (2) 0
Te Cm Cr Am 1 (2) 0
Sm Te Cm Km Am 9 (18) 17 (34)
SmTe Cm CrAm 3 (6) 2 (4)
Sm Te Cm Gm Km Am 1 (2) 0
Sm Te Cm Km Cr Am 2 (4) 2 (4)

a Sm, streptomycin; Km, kanamycin; Te, tetracy-
cline; Gm, gentamicin; Cm, chloramphenicol; Am,
ampicillin; Cr, cephalothin.

b Total of 50. None of these isolates displayed
resistance to colisten.
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TABLE 7. Total coliform isolates transferring
antibiotic resistance

No. of isolates (%)a
Selection antibiotic Before UV After UV

irradiation irradiation

Streptomycin 19 (38) 32 (64)
Tetracycline 19 (38) 19 (38)
Chloramphenicol 26 (52) 23 (46)

Total 64 (43) 74 (49)
a Overall total, 138 (46).

to remember that isolates in these experiments
were tested for resistance to only eight antibiot-
ics, and, consequently, resistance to other anti-
biotics may be carried by these organisms.
The mean percentage of all total coliform

isolates capable of transferring all or part of their
antibiotic resistance (46%) was identical to that
observed by Fontaine and Hoadley (10) for drug-
resistant fecal coliforms isolated from undisin-
fected municipal wastewaters. Similarly, Sturte-
vant and Feary (29) reported that 43% of the
drug-resistant total coliforms, isolated from un-
disinfected municipal wastewaters (before and
after biological trickling-filter treatment), were

capable of transferring resistance to a sensitive
strain of E. coli. These same researchers ob-
served the same lack of resistance to colisten
and gentamicin in total coliform isolates that was
observed in this study.
The increase in the percentage of total coli-

forms resistant to tetracycline or chlorampheni-
col after exposures to UV light may be explained
by the presence of an additional R-factor which
mediates UV resistance. An R-factor mediating
UV resistance has been characterized in E. coli
K-12 by Marsh and Smith (22) and noted in S.
typhimuriun by Drabble and Stocker (7). Associ-
ation of a UV R-factor with resistance to specific
antibiotics could also explain the increased oc-
currence of the Sm Te Cm Am and Sm Te Cm
Km Am resistance patterns observed in isolates
from UV-treated effluents. However, no associ-
ation between R-factors which mediate UV
resistance and R-factors which mediate resist-
ance to specific antibiotics has been found.
Alternatively, the increase in the percentage

of total coliforms resistant to tetracycline or
chloramphenicol after UV irradiation may be
explained by the mechanism of R-factor-mediat-
ed resistance to tetracycline. R-factor-mediated
resistance to aminoglycoside antibiotics such as
streptomycin, kanamycin, and gentamicin has
been found to be associated with specific en-
zymes which modify or hydrolyze the antibiotic
to a more innocuous form (8). Similarly, produc-
tion of chloramphenicol acetyltransferase,
which enzymatically inactivates chlorampheni-

col, is coded for by R-factors (6, 8). However,
R-factor-mediated resistance to tetracycline is
not associated with enzymatic modification of
tetracycline. The resistance is due to accumula-
tion within the cell envelope of specific proteins
which inhibit transport of tetracycline to target
ribosomes of the cell (5).
The specific protein responsible for bacterial

resistance to tetracycline (tet protein) may ab-
sorb sufficient UV light at 254 nm to afford these
bacteria some degree of protection from UV
irradiation. This could explain why an increase
in the percentage of surviving tetracycline-resis-
tant total coliforms was noted after UV treat-
ment. The accompanying increase in surviving
chloramphenicol-resistant total coliforms was
not due to chloramphenicol resistance, but to
concomitant resistance to tetracycline. This be-
comes apparent when the percentage of strains
isolated on media containing chloramphenicol
and resistant to tetracycline, both before and
after UV treatment, is compared. No significant
difference in the percentage of these strains
exhibiting both chloramphenicol and tetracy-
cline resistance was noted (88% before UV
versus 86% after UV). Since a high percentage
of chloramphenicol-resistant coliforms in ef-
fluents sampled before UV treatment was con-
comitantly resistant to tetracycline, the percent
increase in surviving chloramphenicol-resistant
coliforms after UV treatment cannot be attribut-
ed to chloramphenicol resistance alone because
there was no decrease in the number of isolates
concomitantly resistant to tetracycline. Further
work is necessary to confirm this notion.

It is evident from this work as well as from the
work of others (10, 13-15, 29) that antibiotic-
resistant coliforms are entering the aquatic envi-
ronment via treated municipal wastewater ef-
fluents. This work demonstrates that UV light
disinfection can effectively reduce the number of
total coliforms both sensitive and resistant to
antibiotics in an activated sludge effluent. This
work also points out that there is a significant
increase in the percentage of the surviving total
coliform population resistant to tetracycline and
chloramphenicol after UV irradiation.

This study concerned itself with UV disinfec-
tion. There is little information available which
discusses the effect of other disinfectants on
antibiotic-resistant organisms. Additional inves-
tigations should be conducted to determine what
effect other wastewater disinfectants, such as
chlorine or ozone, may have on the antibiotic-
resistant fraction of the bacterial population.
There is an additional need to determine the
sanitary significance of the results of such inves-
tigations.
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